Introduction

The author is a Physics Graduate (and Physics Masters drop-out) from India who was industry-trained and later self-taught in software development. He worked in the international software industry (US, Europe, Japan, South Korea, India etc.) developing systems as well as applications software (CS & IT) for over 18 years after which he retired from commercial work. He later, mainly as an "honorary faculty/visiting faculty", offered free service of teaching programming courses (lab. courses) and being a "technical consultant" for student projects in a Maths & Computer Science department of a deemed university in India for 9 years. This paper is mainly based on this experience of the author.
The rather odd reality of the vast number of CS & IT departments of universities & colleges in India is that the majority of the teachers in these departments focus on theory and research publications but do not give much importance to practical areas like Software Design and Programming or Coding. Therefore the practice of software development is quite poor in most Indian CS & IT departments. The sections below give references to support these statements.
Peer Reviewed Academic Literature Sources on Poor Software Development Skill Set in Indian CS & IT Academia Mahanti et al., 2005 , state that in India, "Software engineering does not yet have an independent curriculum with enough durable, codified content to justify a separate undergraduate curriculum." [20] . They further state that in India, "Limited exposure to industry problems, inability to adapt course curricula to dynamic industry requirements, limited exposure to latest tools & techniques, inability to enter into emerging areas, rigid and outdated course curricula, (repetition omitted), poor industry linkages, little real-life case studies, little scope for creative learning are some of the drawbacks in the software education system in the universities." Garg et al., 2008 , conducted a survey of major software services companies in India and reported that the training programs of these companies include retraining on programming and Software Engineering (SE) as Indian academia is not able to impart these skills to the level that they expect [21] . They further state that they studied the publicly available syllabi related to SE for a large number of Indian universities and found that the focus is on theoretical aspects and "Practical aspects, best practices, recent developments are not included and students rarely get a chance for application of the knowledge and skills they learned."
General Public Views on Poor Software Development Skill Set in Indian CS & IT Academia
The author believes that Indian CS & IT academics should also listen to views of students and others like the news media and teacher blogs on this matter. While these views may be contested as not having been validated by means of an academic/scientific peer review process the author is of the opinion that the almost unanimous voice of the general Indian public must be given some importance. The Indian public naturally expects that Indian CS & IT academics will prepare Indian CS & IT students to contribute mainly as competent software developers to the explosively growing software systems that pervade many aspects of modern life in India and the world.
Most of the students graduating out of Indian CS & IT academia end up having somewhat strong theoretical and, at times, research-oriented skills but being poor in Software Design and Programming [1, 12, 13] . The problem lies not with the CS & IT academics but with the Indian CS & IT academic system which provides career growth mainly for research output and largely ignores software contribution output [1] .
A study of over 50,000 engineers who graduated in 2011 in India, very alarmingly states, "The percentage of ready-to-deploy engineers for IT jobs is dismally low at 2.68%" [19] . It further, alarmingly again, states, "An economy with a large percent of unemployable qualified candidates is not only inefficient, but socially dangerous." A Bangalore, India industry organization is planning to set up a task force to have an interface between IT industry and academia to restructure academic courses to ensure that IT graduates have skills desired by industry [18] .
For this rather odd situation, where most Indian CS & IT academics/teachers do not have a strong software development skill set, to improve, Indian academic regulations should provide career advancement incentive for CS & IT academics who have a software contribution record [4] . Further, students should be informed of the software contribution record of faculty of CS & IT departments by making it mandatory for CS & IT departments to put up such information on its web site [5] .
Teaching excellence in Indian CS & IT academia does not seem to be given much importance. It may be due to an obsession with research as there seems to be no significant rewards or recognition for teaching excellence whereas research excellence gives recognition, even fame at times, and career advancement [6] .
How can we improve software development teaching standards in Indian CS & IT academia? The sections below examine Indian academic regulations with this objective.
A Short Introduction to The Indian CS & IT Academic System
The University Grants Commission (UGC) is the apex academic body of India [10] . "The UGC has the unique distinction of being the only grant-giving agency in the country which has been vested with two responsibilities: that of providing funds and that of coordination, determination and maintenance of standards in institutions of higher education." [10a] . The All India Council of Technical Education (AICTE) [10d] is a professional council which operates under UGC umbrella. The UGC website states about AICTE, "The council is authorized to take all steps that are considered appropriate for ensuring coordinated and integrated development of technical education and for maintenance of standards." [10b] .
"The UGC serves as a vital link between the Union and State Governments and the institutions of higher learning." [10c] . The UGC regulations/norms for appointment of academics [7] has a significant influence on the career of Indian academics of all academic streams including CS & IT who are employed in any higher education institution regulated by UGC or its professional councils like AICTE. But the extent of influence may vary depending on whether the educational institution receives government aid (funds) or not. The entry level position for a regular teacher post (as against a Teaching Assistant post) is the Assistant Professor position. The other teacher positions are Associate Professor and Professor.
In India the degrees awarded for software education by UGC/AICTE regulated academia are mainly termed as Computer Science (CS) or Information Technology (IT) degrees with an additional variant of Computer Applications degrees [15] . The Software Engineering (SE) degree/program is not well known in Indian academia. Most universities offer Software Engineering as a course along with other courses in their CS (and IT) curriculum [21] . The software development discipline is a very practice oriented discipline. Design & programming (coding) are vital skills. Of course, theoretical background is important but theory not backed by competent design & programming skill will make a software development practitioner/professional as incompetent as a musician or dancer who knows theory well but is not competent in performing music or dance.
Research is also vital for the software field. It is research that creates fundamental advances in the Computer Science & Information Technology (CS & IT) fields. Without research, the great and revolutionary force of the Internet would not have been created. This single example, itself, of the benefit of research shows how critical it is for progress in the software field. There are many, many other areas of CS & IT research that are of great importance to the software field.
In the author's opinion, we need both types of CS & IT teachers -practice oriented software development teachers & research oriented teachers. A very few teachers may excel at both, software development as well as research. But that will, in all probability, be a numerically insignificant minority among the huge number of CS & IT academics in the country.
As of now, UGC appointment & promotion regulations do not differentiate between CS & IT disciplines and disciplines like Physics & Mathematics [7] . The author could not find an equivalent regulations document for AICTE on its website but the general impression is that AICTE follows regulations similar to UGC in this regard. There is no incentive for practiceoriented software development teachers resulting in the majority of CS & IT academics being theory and research-oriented with not-so-strong software development skill set/knowledge. When the software development teacher himself is not so knowledgeable about software development the probability of students being taught software development skills well is very low.
The author suggests that UGC & AICTE regulations for appointment and promotion of CS & IT academics be modeled on the lines of that of Music & Dance discipline. The author would not like to get into the debate of CS as science vs. CS as art. His emphasis is on the software development part of CS & IT being a very practice oriented discipline like Music and the performing arts. Further, in a tightly regulated system like Indian academia, precedent for any suggested change makes it easier to consider the change. Since the regulations for Music and the performing arts already have a mechanism to cater to both the research oriented teachers and the practice oriented teachers, the author considers it appropriate to refer to the precedent and suggest a similar mechanism for Indian CS & IT teachers.
There should be two tracks for CS & IT academics -the current one for research oriented academics and another for practice oriented software development academics. Like the measure for competence in research for the (research oriented) CS / IT academic is the research publication record, the measure for competence of the software development CS / IT academic should be the quality and quantity of her open source software contribution record.
Suggested Changes to Teacher Eligibility Tests (NET/SLET/SET) for CS & IT Disciplines
According to UGC regulations [7] the minimum requirements for an Assistant Professor appointment in engineering and technology discipline (which includes CS & IT) are a first class Master's degree in the appropriate branch of engineering and technology and qualifying in the teacher eligibility tests (NET/SLET/SET) [11] . AICTE seems to have watered down the requirement of Master's degree to a Bachelor's degree in engineering/technology discipline probably due to paucity of adequately qualified candidates applying for the Assistant Professor position. The teacher eligibility test is waived for candidates who have been awarded a Ph.D. degree [7] .
The present teacher eligibility test (NET/SLET/SET) for CS / IT academics is a paper only test (though the syllabus includes C/C++ & SQL [11]) due to which an aspirant can become eligible to be appointed as Assistant Professor without having good practical software development skills! That may be acceptable for a research track CS / IT teacher. But it is unacceptable for a software development track CS / IT teacher. Aspirants who do not have good practical software development skills should NOT be appointed as software development track CS / IT Assistant Professors (or other grade Professors).
A new teacher eligibility test for software development track CS / IT academics should be introduced which will have a 50% weight-age practical test (on computer) involving programming and some amount of design, and 50% weight-age on theory. This will ensure that software development track teacher-aspirants will have to be reasonably good in both theory and practice aspects of CS / IT.
Allow Movement from Research Track to Software Development Track & Vice-Versa
A CS / IT academic should be able to switch track from research oriented to software development oriented if her software contribution record is appropriate. Similarly a software development oriented CS / IT academic should be able to switch track to research oriented if his research publication record is appropriate. Some CS / IT academics may have a respectable research publication record as well as a respectable software contribution record which would be a wonderfully balanced contribution record.
How Do We Measure a Software Contribution?
This will have to be evolved over time. Software industry bodies in India like NASSCOM & CSI [8] (other countries would have other such bodies) can arrive at norms for evaluating an academic software contribution which can be updated at appropriate intervals to reflect the rapidly changing software practice. The author suggests the following for measuring (and sharing) the academic software contribution:
1. It should be open source allowing any person to download the software and use it, examine it or modify it. 2. Industry professionals should "peer review" the candidate academic software contribution using norms provided by industry bodies like NASSCOM or CSI and decide whether it is of requisite quality & quantity to be considered as a "peer reviewed" academic software contribution. Note that the contribution can be a single author contribution or a multiple author contribution like academic publications can be single author or multiple author. 3. Over time, an impact factor similar to one used by scientific journals [9] can be evolved for a "peer reviewed" software contribution. Extent of usage of software can be considered for this impact factor like citations are considered in arriving at a scientific journal's impact factor.
4. To make it difficult for contributor-aspirants to fake, plagiarize or wrongly influence peer review of software contributions, any "peer reviewed" software contribution should be open to challenge by suitable industry professionals or academics. As the software will be downloadable including its source, a challenger will be in a position to study the contribution in depth and challenge its acceptance as a "peer reviewed" contribution. The challenge can be decided by an industry body like NASSCOM or CSI appointed referee. 5. All these "peer reviewed" open source academic software contributions should be properly listed and organized in a web based repository which is openly accessible.
Involving the software industry in this "peer review" of academic software contributions may go a long way in reducing the huge academia-industry disconnect in the software field today.
Concern of Research Rigour Being Watered Down
One concern may be that the research rigour of CS & IT departments will get diluted by having practice oriented software development track teachers. Well, we need a balance. CS & IT departments should have the "right" balance of research oriented teachers & software development oriented teachers. The "right" balance for a research-intensive department could be 80 % research oriented teachers and 20 % software development oriented teachers. In contrast, the "right" balance for a teaching-intensive department could be more like 50 % software development oriented teachers and 50 % research oriented teachers. Please note that the software development oriented teacher has to be good at theory too and has to prove his theoretical knowledge by clearing the software development track NET/SLET/SET exam. Please note that UGC regulations (and AICTE regulations too, it is presumed) allow for an "outstanding professional" of a field to be appointed as a Professor. The author has direct exposure to only Indian software education academia and so has focused on it for most of this article. However, it was felt that mention of software education practices in some other countries would give a larger, international perspective. So he did a small literature survey to study efforts made to ensure good software development practice in software education in USA and some other countries, and extended it to cover certification and professional licensure. The study focuses more on Software Engineering (SE) degree programs than Computer Science (CS) degree programs. Judging what aspects of this small study report could be useful in Indian environment may ideally need somebody who has direct exposure to software education field in both India and other countries like USA. This author leaves those aspects for others to consider, if they find it worthy of consideration.
SE is an established program in USA academia distinct from a CS program [22] . The SE2004 volume gives guidelines for a SE curriculum and its website indicates that it was an exhaustive effort at improving SE education quality in the USA, UK, Australia, Canada, etc. [23] . Accreditations of SE (and other engineering & technology) programs are conducted by organizations specializing in accrediting technical education. Lethbridge et al., 2007 , give details of SE programs and their accreditation in USA, Canada and UK [22] .
At a USA institute, "software engineering is a five year program, with students graduating with the equivalent of almost a full year of work experience." and there is collaboration between various companies and the institute on projects as part of the SE education program [25] . Its website states that its senior projects involve a team of 4 to 5 students working on challenging, real-world software issues for companies & organizations and results in a functional software tool ready to be used by the organization [26] .
Stroustrup and others have adopted a "software curriculum" in a CS program with an aim to produce 'software professionals (for some definition of "professional")' and reported largely positive results from it [3] . 
Critical Views on Software Education in USA and Some Other Countries
The author felt it appropriate to share some critical views on software education in USA and some other countries from academic and general public sources.
Stroustrup, 2010, has argued that "fundamental changes to computer science education are required to better address the needs of industry", and shows the disconnect between CS academia and industry [2] . Parnas, a veteran SE academic, in an ACM Fellow profile interview in 1999, states, "Most students who are studying computer science really want to study software engineering but they don't have that choice. There are very few programs that are designed as engineering programs but specialize in software." [30] . He also states that the term software engineering is often confused with project management techniques.
Mark Tarver, who taught in UK CS academia prior to 2000, is harshly critical of programming skills of UK final year project CS graduate students who confessed to not being able to do any programming. He is also harshly critical of UK CS education in general [14] .
A student, 2010, captured the feelings of the student community when he wrote, "I'm graduating with a Computer Science degree but I don't feel like I know how to program" and tried to seek advice from a professional programmer forum [16] . A USA employer/interviewer, 2011, who has hired dozens of C/C++ programmers, stated, "A surprisingly large fraction of applicants, even those with masters' degrees and PhDs in computer science, fail during interviews when asked to carry out basic programming tasks" [17] .
Conclusion
If the practice oriented software development career track, as suggested in this paper, is introduced in UGC & AICTE regulations for appointment and promotion of Indian CS & IT academics then, over time, we will have a healthy mix of both research oriented as well as software development oriented Indian CS & IT academics. We may even have significant number of software development experts from the software industry moving to Indian CS & IT academia. What a boon that will be for boosting the software development skill set of Indian CS & IT academia! It will also dramatically reduce the huge academia-industry gap that plagues the Indian software field today.
These changes, in turn, will, at least for the teaching-intensive Indian CS & IT departments, result in graduates & post-graduates of CS / IT having a good balance of theory and practice of software development with some appreciation for the research angle of CS / IT as well. Some of these graduates/post-graduates may choose to pursue research by doing a PhD in CS / IT. Some may become CS / IT academics who will be more knowledgeable about practical software development than is the case now. The majority of them will typically take up industry software development jobs for which they will be far better equipped with the required software development practice skill set than they are now. Reviewer1: This paper makes an interesting and controversial case for creating career tracks in the Indian CS&IT academia for faculty who, instead of pursuing theoretical research, would opt for establishing academic credentials based on their output of open source software. Much of this seems to reflect from the author's personal journey from being a non-CS graduate, with extensive experience in the CS&IT Software Development industry, and then trying to "fit in" into the academic make-up of an Indian University which seems to be heavily regulated centrally.
Author: I disagree with a part of the last statement. I consider myself to be an accomplished industry-trained and self-taught software industry technical consultant, who, mainly as an Honorary Faculty/Visiting Faculty, provided free teaching and guidance service to students in software development/engineering and thereby contributed to strengthening the practice of software development/engineering in a CS department in India. I was not and am not interested to "fit in" the academic make-up of any Indian university at all -my intention was to help students learn the practice of software development well, and I believe I succeeded in no small measure in that regard. From my experience of Indian CS academia I had some suggestions to improve the practice of software design & development/engineering in it which I put forward in this article/paper.
Reviewer1: Many issues here: the first and foremost, whether the specific situation in Indian academia is worth publishing in ---publication-name-description-blinded---with a much broader international audience. On the other hand, given that such situations exist in several countries, this is a good discussion starter to bring a broader awareness to the issues faced and the possible (in my mind, skewed) solution being proposed.
From what I gather, the main problem seems to be in the area of software engineering education.
Author: Yes, but the whole gamut of software engineering involving design, development, testing etc. and not just a software development process/life-cycle theory course. A published research paper mentioned that in India, "Most universities offer SE as just one of the courses along with other Computer Science courses.", Kirti Reviewer1: While, on one hand, most CS&IT faculty in India seem to be primarily devoted to theoretical research, there seems to be a practice among academia of relaxing the qualifications for hiring CS&IT faculty due to the "paucity" of qualified faculty. It is easy to see that the poor quality of Indian CS&IT graduates being prepared for software development jobs in India upon graduation is an artifact of poor quality software engineering education (or a complete lack of it).
Author: I tend to agree with these views in the Indian context.
Reviewer1: The solution being proposed, to create UGC regulated mandates for separate faculty career tracks, is rather controversial, and perhaps misplaced when one sees it in the larger context of the role of academia. Much of the problem should, and can, be addressed by creating a well qualified pool of faculty in the CS&IT disciplines, software engineering included. Additionally, along with the faculty, to create educational tracks in CS&IT Departments at universities to teach software engineering curricula. Without a presence of these two things, it seems like a proposal to create accommodations for industry professionals to enter non-research tracks in academia, is misplaced and a poor solution.
Author: It certainly is *not* a proposal focused on creating accommodations for industry professionals to enter non-research tracks in academia. It is a proposal to provide career growth incentive for Indian CS & IT academics to excel in the practice of software development instead of focusing on research publication output and ignoring excellence in practice of software development. Industry professionals being accommodated in a non-research software development career track is a secondary and optional part of what this paper proposes, which in my opinion, has significant value for improving the practice of software development in Indian CS & IT academia.
Reviewer1: This can be detrimental to the intrinsic health and make-up of an entire higher educational system. The case is made, based on faculty in the Performing Arts which tends to be one of the few outliers in this regard. Even in Performing Arts, there is much resistance. Ordinary, day-to-day practitioners of the art seldom attain faculty status even in the Performing Arts.
Author: In India, it is common to see faculty of the performing arts deliver a performance to the public which leaves students, parents and the public in general in no doubt as to the practical skill of the performing arts faculty. In marked contrast, there is huge amount of doubt in the mind of students, parents and the public in general about the practical software development/engineering skill of most Indian CS & IT academics.
Reviewer1: Besides, there are existing models that accommodate "both" classes of faculty in a single framework that are present outside India that need to be examined. For example, giving academic credit for software artifacts during the promotion and tenure process is widely promoted by the Guidelines published by the Computing Research Association (in the USA).
The author should take a look at that.
Author: It is interesting and it will be good if Indian academic regulations take note of it and provide significant academic credit for software artifacts. I agree very much with the view expressed therein that, "Assessing artifacts requires evaluation from knowledgeable peers." In the Indian context, in my opinion, at least in the short term, it is the software industry which has the capacity to provide enough numbers of knowledgeable peers to evaluate software artifacts produced by Indian CS & IT academia.
Reviewer1: Much of the surveys presented in the paper are about the state (or lack there of) of software engineering education in India. To suggest that a government regulated body create a "practitioner track directed to serving a dimension of a transient and evolving industry" and further put into place specific software-based evaluation metrics for the hiring, promotion, and career advancement of such faculty is a bizarre idea that makes for an excellent blog post, or an opinion piece.
Author: I humbly submit that as a practitioner of software development I find it bizarre that, in the key regulations that govern Indian CS & IT academia, there is zero career growth incentive to excel in the practice of software development. That, in my opinion, is the key reason for such poor quality of software engineering/software development skills in most Indian CS & IT academics.
Further, I believe that the huge growth of the software design & development field in India is enough reason to seriously consider the suggestion of a specific Indian academic career track which focuses on software design & development. It may be a very strange suggestion for academia in general but the software revolution in the past few decades has changed India and the world quite a bit and Indian academia may need to look at new ways to effectively handle its duties of teaching Indian students the vital skill of software design & development.
Reviewer1: This submission to ---publication-name-blinded---, in this sense, is misplaced.
Reviewer: 2 Comments to the Author Author: Firstly, thank you very much for your valuable remarks. They have contributed significantly to my understanding of this issue from an international perspective.
Reviewer2: It is good to see a paper addressing issues relating to the relevance and quality of computing education at a national level in India, and the challenges in preparing competent practitioners for the local IT industry. Such a discussion has potential to be of interest to ---publication-name-blinded---readers. However the solutions proposed fail to take into account several critical issues. Author: Noted.
Reviewer2: "These distinctions can be traced back to the origins of the discipline, and early schisms "between the logicians and the technicians", (Clark, 2003) depending upon whether one came from a more theoretically oriented mathematical background, or a more practically oriented engineering background".
The role of the SE discipline has always been problematic, and the tensions between the body of knowledge, the evolving nature of practice in the field, what skills should be taught and the nature of the academy and its value systems has always been an issue. But University systems are by their nature international, and local solutions which focus primarily on the vocational teaching mission [with a goal of producing immediately productive 'drones for industry'] without doing equal justice to the research mission, are likely to result in reputational damage to the institution. Cf. the discussion below: Clear, T. Author: The problem with proprietary software would be availability of source code for reviewers. I guess this would be similar to proprietary research work which is not published in academic research publications and therefore may not contribute to an academic's career growth directly.
Reviewer2: What of domains of application? What of experience of software engineering gained through research involvement with software development firms? Such partnership models are often applied as academics move away from regular software development, and perhaps through supervision of development by students, to a more theoretical, SE process, SE practice or managerial SE research focus.
Author: The software contribution record that I suggested looked only at software contributions. It can be discussed whether it should be expanded to include some of the above suggestions and the manner in which it should be included.
Reviewer2: The reality of the research teaching divide is also endemic in the academy, as developed in the paper below, and as recently observed by the Business School Accreditation Body AACSB's Blue Ribbon Committee in the report below: Author: Noted.
Reviewer2: In other systems when hiring academics, their skill sets are carefully considered against the needs of the department. It is unlikely that an academic with no knowledge of software engineering practice would be hired to teach a software engineering course, although they may teach a math course or a course in theoretical CS.
Author: Unfortunately what Clear,T. wrote (mentioned earlier), "few engineering educators possessed any experience of engineering practice" applies very well to Indian CS & IT academia. Career growth incentive to them to improve in software engineering practice may lead them to make efforts to do so. Otherwise it is natural that they will be attracted only towards producing research publications as that provides career growth.
Reviewer2: As presented, while there is active debate in many of these areas, the paper does not fully address the issues [disciplinary, institutional, cultural, political] that are obstacles to implementing such a nationwide programme of change in the Indian Higher Education System. It poses a challenging set of questions in the context of the author and his perspective on computing education in his country, and how practice and theory gap might be reduced. To that extent the issues are important to all computing educators, so a debate could certainly be had. As it stands unfortunately the paper lacks the dimensions to productively lead that debate.
With a more considered set of proposals and a wider understanding of the academic setting and how to effect change in a complex context with local and global dimensions, there could be a stronger candidate for publication.
